A dual role of the ribosome-bound chaperones RAC/Ssb in maintaining the fidelity of translation termination
Anne-Sophie Gribling-Burrer In the absence of RAC/Ssb premature translation termination can occur at sense codons within polylysine-encoding sequences. Premature termination depends on eRF3 and leads to the expression of C-terminally shortened protein fragments (1) . The model suggests that eRF3 acts in concert with eRF1. (B) Model 2. During the translation of poly-AAA/G sequences ribosomes can slide into a different reading frame. In case the altered reading frame contains a stop codon, this will result in canonical translation termination mediated by eRF1/eRF3 (2) . (C) Sequences of the 3HA tags within Luc-K12-3HA constructs. Out-of-frame stop codons (ofs) are highlighted in pink. Mutations deleting out-of-frame stop codons or introducing in frame stop codons are shown in red. In frame stop codons are underlined. See also Figure 1D . (D) Premature translation termination in the absence of RAC/Ssb does not require Dom34/Hbs1. Luc-K12-3HA-2-ofs ( Figure S1C ), containing poly-AAA-encoded K12 was expressed in the strains indicated. Total protein extracts were analyzed via immunoblotting using-Luc for the detection of the full length (K12-FL) and shortened forms (K12-SF) and -Sse1 as a loading control. In vivo expression of Luc-K12-3HA in wild type, zuo1, hel2, and zuo1hel2 strains. Total protein extracts were analyzed by immunoblotting using-Luc for the detection of full length (K12-FL) and shortened form (K12-SF) and -Sse1 as a loading control. (C) Addition of purified RAC does not affect general translation efficiency in vitro. Translation of mHis3-ss was performed as described in Figure 3A. (D) Translation of the dual readthrough/stalling reporter His3-K20-3HA-ws was performed as described in Figure 3A . Shown are 3 biological replicates (1, 2, 3). Figure S3B . Hel2 is required for the expression of C-terminally truncated polypeptides in the absence of RAC/Ssb. Recent work from independent groups revealed that ribosome stalling requires ubiquitination of a specific set of proteins of the small ribosomal subunit (Rps proteins) (4). Ubiquitination of these Rps proteins depends on Asc1, which itself is a component of the small ribosomal subunit, and the E3 ubiquitin ligase Hel2, which interacts with stalled ribosomes (4) (5) (6) (7) (8) . We previously showed that Asc1 is strictly required for the expression of stalling products in the absence of RAC/Ssb (1). In the light of the new data (4-8) Asc1-dependence suggested that ubiquitination of Rps proteins was required for premature nascent chain release. To test this directly we expressed the Luc-K12-3HA stalling reporter in strains lacking RAC/Ssb as well as the E3 ligase Hel2 ( Figure S3B ). As expected, C-terminally truncated K12-SF was expressed in a ∆zuo1 strain, however, was no longer expressed in a ∆zuo1∆hel2 strain ( Figure S3B ). The data are consistent with a model in that stalling-induced Asc1/Hel2-dependent ubiquitination of small ribosomal subunit proteins is required for premature nascent chain release in the absence of RAC/Ssb. Figure 6A and Materials and Methods. 1, 2, and 3 represent independent biological replicates. Primer extension analysis was also performed directly, without purification of ribosomes, in DMS or DMS + aniline treated translation reactions (lanes extract). Also, in complete translation extract of zuo1 G1638 was deprotected from DMS-methylation. (13)). Paromomycin is shown in red, h44 is indicated in blue, G2065 and flipped-out A2158/A2159 are shown in green.
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